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[57] ABSTRACT 

An integrated telecommunications system provides fixed 
and mobile satellite-based services via one or more geosyn- 
chronous satellites. Two-way user links are provided by the 
satellites to user terminals located throughout a geographical 
region. Additionally, the satellites provide two-way access 
links to gateway stations within the region, and also to a 
satellite network control center. The network control center 
controls bandwidth and power of the satellites to establish 
the user links and the access links. A mobile cellular 
telephone network provides mobile cellular telephone ser- 
vice to a subscriber that also has a user terminal. A gateway 
station includes a gateway station controller coupled to a 
mobile switching center, which, in turn, is coupled to a 
terrestrial network. The gateway station controller provides 
control signals route calls to either the user terminal or the 
mobile cellular telephone of the subscriber based on a single 
dialed number. 
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INTEGRATED TELECOMMUNICATIONS 
SYSTEM PROVIDING FIXED AND MOBILE 
SATELLITE-BASED SERVICES 

FIELD OF THE INVENTION 

The present invention relates generally to the field of 
telecommunications systems; more particularly, the inven- 
tion relates to satellite-based telecommunications systems 
providing a variety of multi-media services including voice, 
video, and data communications. 

BACKGROUND OF THE INVENTION 

Satellite telecommunication systems have been applied to 
a variety of commercial purposes over the past thirty years. 
These satellites first started out as low-power (e.g., several 
hundred watt) devices that required very powerful satellite 
Earth stations having antenna dishes on the order of 30 
meters in diameter. A typical application in the earlier days 
of satellite communications was simple point-to-point trunk- 
ing for public telephone companies. 

Technology has progressed to the level where modern 
satellites are now highly sensitive devices which are capable 
of providing high-power transmissions. By way of example, 
today's satellites have power resources in the range of 
approximately 10 — 15 kilowatts. The development of more 
advanced satellites has lead to corresponding reductions in 
the size of Earth stations. 

Advancements in satellite communication system tech- 
nology have lead to the development of three basic 
categories, as defined by the International Telecommunica- 
tions Union (ITU), of satellite services: fixed, mobile, and 
broadcast. Fixed systems, as the name implies, employ fixed 
or stationary terminals. Fixed systems have traditionally 
been utilized for point-to-point telecommunications trunk- 
ing as part of public telephone networks, or for large private 
telecommunications networks. Since these types of commu- 
nications tend to be reciprocal in nature, the same frequency 
and the same size terminal is normally used for both 
transmission and receiving of signals. Conventional fixed 
systems, therefore, typically utilize a single set of transmis- 
sion channels (i.e., transponders). By way of example, U.S. 
Pat. No. 5,163,160 discloses a satellite transponder in which 
the transmitter is tuned to the same frequency as the local 
oscillator of the receiver. A frequency control circuit having 
a local oscillator applicable to the receiver of a satellite 
telecommunications apparatus is also described in U.S. Pat. 
No. 5,479,136. 

^Modern fixed satellite systems that provide two-way 
communications tend to be relatively expensive, highly 
application-specific systems. Due to these limitations, fixed^ 
tym-w^y gate.llitp systems h ave generally beenj-es trie ted t o 
n sehy lar ge corpora tions to provide data transmission or by 
rmh|]V <piajiiannf ^ornparn^s fr r trunkin g. 

In mobile satellite systems, the user terminal can move 
from one location to another. An example of a mobile 
satellite system is the International Maritime Global Satellite 
(INMARSAT)™ system. Planned mobile cellular telephone 
satellite systems include Asia Cellular Satellite (ACeS)™, 
Iridium™, Globalstar™ and ICO Global™. Details of a 
mobile cellular telephone satellite system are disclosed in 
U.S. Pat. Nos. 5,433,726 and 5,439,190. A telecommunica- 
tions network applicable to mobile terminals which employs 
a constellation of orbiting satellites placed in low-altitude 
polar inclined orbits is described in U.S. Pat. No. 5,471,641. 
U.S. Put. No. 5,485,170 discloses a terminal suitable for use 
in a mobile telecommunication system. 
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A major problem associated with mobile systems is the 
limitation on capacity. Mobile systems are limited as to the 
number of users that they can accommodate, largely because 
the available bandwidth is restricted by international regu- 
5 lations. 

Broadcast satellite systems are in service today across 
many parts of Europe, North America and Asia. They 
typically provide television broadcast services to receive - 
only subscriber terminals which employ small antennas 

10 limited in use for signal reception. Although broadcast 
systems are becoming ubiquitous throughout many regions 
of the world, they suffer the drawback of only providing 
one-way telecommunication service. In other words, the 
subscriber terminals are incapable of transmitting sipnfl js 

15 back_to the broadcast^ satellit e. T hus means that any , 
requests or other signaling initiated by the end-users must! 
take place through ordinary terrestrial telecommunication! 
lines. 

Thus, there is a strong need for a satellite-based telecom- 
20 munications system that can provide increased and 
improved services — well beyond the capabilities of present 
fixed, mobile, and broadcast satellite systems — to serve the 
mass public market. Instead of simple one-way 
broadcasting, the gp.iwal public has, n n^ird for two-way 

As will be seen, the present invention is a satellite 
telecommunications system that provides a great variety of 
services — including telephony! interac tive H p "iwn, ' 7 idfp 

3Q on-demand . Internet access , data com munjcajjnn.^ etc. — 
available on-demand, directly to the end user . The invented 
system combines low-cost user terminals with high system 
capacity, making the telecommunications system highly 
attractive to mass market usage. Moreover, all of these 

35 advantages are achieved without the need to rely upon well 
developed terrestrial telecommunications infrastructure. 

SUMMARY OF THE INVENTION 

The present invention is a telecommunication system that 

4 q integrates fixed and mobile satellite -based services. In one 
embodiment, the integrated telecommunications system 
comprises one or more satellites in geosynchronous orbit 
over a geographical region Uqaj^ provides two-wr|y lfser links 
lp user terminals located throughout the region . 

4 5 Additionally, the system includes a satellite cellular tele- 
phone network. A satellite cellular telephone of a particular 
user or subscriber within the integrated system has a tele- 
phone number that is also assigned or associated with that 
user's home or office user terminal. 

50 Gateway stations are also distributed in the geographical 
region, with two-way access links being provided to the 
gateway stations by the orbiting satellites. Integration of 
fixed and mobile services is achieved by a gateway archi- 
tecture that includes one or more antennas controlled by a 

55 gateway station controller. The gateway station controller is 
coupled to a mobile switching center, which, in turn, is 
coupled to a terrestrial network. The gateway station con- 
troller provides control signals which drive the antennas to 
route a call to the number through the satellites. The call is 

60 routed to either the user terminal or the mobile cellular 
telephone of the user. (For example, the user may simply flip 
a switch on the user terminal to deactivate (he terminal and 
activate the satellite cellular telephone for roaming.) 

The system further includes a network control center that 

65 controls the satellites, bandwidth and power of the satellites 
being allocated by the network control center to establish the 
user links and the access links. 
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BRIEF DESCRIPTION OF THE DRAWINGS ern Europe, North America and Japan, the present invention 



The present invention will be understood more fully from 



provides v e ry^ ,hi^ Ji^&^e-e<l , 1 o w-cosX— d-flrt a 



j . -i . . * . • - c n i r 4 , telecommunications, Internet access, and interactive video 

the detailed description which follows and from the accom- .- ^T^-? , Vj T • „• L - L r n 

, u-uu < i i 4 services. Inererore, the detailed description which follows 

panying drawings, which, however, should not be taken to ... . ' . f . 

r ,f • * .u -c i j- . u i « 5 should not be considered as limiting the scope of the 

limit the invention to the specific embodiments shown, but . & t 

rather are for explanation and understanding only. 

FIG. 1 illustrates the basic architecture of a direct access System Overview 

regional telecommunication system. , _ _._ , 

_ „ .„ , , ^ „ With reference to FIG. 1, a conceptual diagram of the 

FIG. 2 illustrates one example oi the system or FIG. 1 for io telecommunications system of the present invention is 

a satellite providing system coverage of Asia and Australia. shown comprising a smgle telecommunications satellite 12 

FIG. 3 shows the transponder flexibility for one embodi- positioned in geosynchronous orbit (e.g., -36,000 

ment of the system of FIG. 1. kilometers) above a geographical region of the Earth. Sat- 

FIGS. 4A and 4B are flow diagrams showing examples of ellite 12 may be placed into orbit utilizing any of a variety 

operation for the system of FIG. 1. 15 of welt-known launching methods. For example, U.S. Pat. 

FIG. 5 illustrates the use of a satellite constellation for No. 5,067,672 teaches one method of placing a geostation- 

increasing user capacity over a single geographical region. arv telecommunications satellite in Earth-orbit. Techniques 

FIG. 6 shows the use of a satellite constellation that for f billzin S th f f itude a " d orbital position of satellites 

provides coverage for several regions of the globe. 20 5^7^ ™ eXempllfkd by US ' Pat ' NoS " 

FIG. 7 illustrates link beams to multiple satellites from a ' ' ... _ " '* ' . , . , , . , ... 

single station. Satellite 12 comprises a high-power, high-sensitivity, 

« . i , , c , . r three-axis stabilized satellite that is maintained in a fixed 

FIG. 8 is a block diagram of a ground station of a satellite oibM - n ^ sk Qver ^ ^ hical 

system that integrates mobile and fixed services. region A si ^ d s ^ ]]i{c cQntrol ($CF) 52 js 

FIG. 9 is a block diagram illustrating the architecture of 25 emp i oved t0 maintain the position and orientation of the 

a network control center tor the embodiment of FIG. 8. satellite in space relative to the region. Satellite 12 utilizes 

FIGS. 1UA and 10B illustrate the frequency plan of the standard solar panels 15 to generate power for the satellite's 

Extended C-Band uplinks and downlinks for one embodi- resources which includes a set of transponders 14 that 

ment of the present invention. provide telecommunications links— termed "uplinks" and 

FIGS. 11 A and 11B illustrate the frequency plan of the 30 "downlinks" — to Earth-based stations. 

X-Band uplinks and downlinks for one embodiment of the One of ihe functions of telecommunications satellite 12 is 

system of FIG. 1. to provide single or multi-beam user links 25 that connect 

FIG. 12 illustrates the basic architecture of a telecommu- directly with user terminals 20 at user link frequencies. By 

nication system which integrates mobile and fixed services 35 way of example, FIG. 1 illustrates user terminals 20ff-20c 

according to the present invention. located at various user premises on the ground. The user 

terminals are typically located at a user's home, office or 

DETAILED DESCRIPTION shop Satellite 12 also provides single or multi-beam access 

The present invention is a pioneering advancement in the links 45 that co nnect with gateway stations 30 and a network 



field of satellite-based telecommunications systems. The 40 control cente r (tied) at access link frequencies. As will 

present invention provides the first ever public satellite be explained in more detail shortly, the access and user link 

telecommunications infrastructure by presenting a satellite frequencies comprise different bands of the radio wave 

system which offers a wide range of two-way interactive, spectrum. 

multi-media services to small, inexpensive subscriber ter- Satellite control facility 52 may either be integrated with 

minals. The range of services that the present invention can 45 or coupled to NCC 50, as shown in FIG. 1. Alternatively, 

provide includes: digitally-encoded voice telephony; two_ - SCF 52 may be remotely located from NCC 50 and com- 

way data cp mmunication: facsimile; broadband ^L tU&tfiet municate with satellite 12 via a separate access link. In FIG. 

access; digitally -encoded broadcast services; pay-per-view 1, for example, both NCC 50 and SCF 52 are shown 

television; and on-demand interactive video services (e.g., communicating with satellite 12 via access link 45b. 

home shopping, video conferencing, etc.). 50 In the illustrated embodiment, each of the gateway s3j)js 

Although the following description includes many details couple djqa su bs criber database J &Jhat stnrr^ psrr infr'r- 

applicable to specific embodiments of the invention, it mation, (Note that lor simplicity purposes, only one 

should be understood that the basic architecture and tech- "gafeway, 30a, is shown in FIG. 1.) T Jiis information may 

niques disclosed can be extended to a variety of different inclu de a list of ug ejjq cationsi sy^tem£ojTfi^^ 

implementations and applications. By way of example, a 55 inJ^maUoji^ etc. Across a wide geographic region, there are 

telecommunications system is described that provides multi- usually numerous gateways 30, distributed in a manner that 

media services to a region including Asia and Australia. The ^£ermits^a_ch ujsej^ermi nal to be assigned a "home" gate way, 

present invention, however can be applied around the globe The assignmentcn^ahome gateway to a particular user 

to provide services in both developed and undeveloped terminal may be based upon considerations such as 

regions of the world — irrespective of the existence of ter- 60 proximity, ease of routing, cost factors, and so on. 

restrial telecommunications infrastructure. One or more of the gateway stations 30 may also include 

For instance, the present invention offers great benefit to a direct connection to terrestrial-based telecommunications 
undeveloped regions such as Asia, Africa, Eastern Europe, networks. By way of example, gateway 30a is shown 
or South America, where the vast majority of homes and providing a direct connection to various land-based net- 
businesses lack basic telecommunication wiring. In these 65 works represented by block 36. These may include public 
regions, the present invention permits low-cost telephone switched telephone networks (PSTNs), public land mobile 
and television services. In more developed areas, like West- networks (PLMNs), and private networks (PNs). 
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Additionally, gateway 30f^a^/jT rnvjde ;i hi g h -speed, brpa . 4 - 
band COUne ctjon tha t alio WS^USer t erminals tn arcp.sft infnr- 
maU on aviiiKbje nn7he^ntery>&t rin the example nf FIG, 1, 
this service is available via an Internet access point (IAP) 37 
connection. Internet access point 37 may comprise a large 5 
fiber-optic cable link providing information access at an 
extremely high bandwidth (e.g., gigahertz). 

One of the important architectural features of the satellite - 
based telecommunications system of the present invention is 
the use of relatively large gateway and NCC stations in lf) 
combination wilh smaller, low-cost user terminals. As can be 
seen in FIG. 1, gateways 30 employs a relatively large 
antenna dish 33 for communications via access link beam 
45a. Similarly, NCC 50 also utilizes a relatively large 
antenna dish 53 for communicating via access link beam 15 
45b. Antennas 33 and 53 are typically on the order of 10.0 
meters in diameter or larger. By making the gateway and 
NCC stations relatively large as compared to the user 
terminals, satellite power for providing access links 45 is 
minimized. This permits the majority of the satellite's power 2Q 
resources to be allocated to providing user links 25, which, 
in turn, makes possible the use of relatively small, inexpen- 
sive user terminals. It also enables full use of the user link 
spectrum by the user terminals. The innovative allocation of 
satellite bandwidth and power between user and access links 25 
is one of the salient features of the present invention. 

In practice, several different types of user or subscriber 
terminals may be employed. In most instances, user termi- 
nals 20 utilize a relatively small antenna dish 22 having a 
diameter of between approximately 1.0- 2.0 meters. Of 30 
course, larger, higher-powered antennas could also be uti- 
lized; albeit, at an increased cost to the end user. 

In the example of FIG. 1, u^ertenriinal^ 
being coupled to a variety of rmn^me^Uadevices. These 
include a telephone 26, computer 27, interactive television 35 
28, and data telecommunications device 29. The particular 
type of user terminal employed and its configuration with 
other devices at the user's premises depends upon the 
desired range of services. In a specific implementation, usep 
terminal 20a may comprise a 1.2 meter fully-interactive Un 
multi-media terminal with video reception and two-way! 
telecommunication services via the satellite system. Asim-V 
pier system may comprise a 1.2 meter telecommunications 
terminal with two-way digital voice telecommunications 
services via the satellite system. Yet another alternative is a 45 
very simple 1.0 meter or smaller terminal providing direct 
video reception from the satellite system with interactive 
video capability being provided through a fixed terminal link 
to a separate mobile satellite system, or a standard terrestrial 
network. Thus, the basic architecture' of the present inven- 50 
tion may be employed to advantageously provide a great 
variety of services to numerous different syslem configura- 
tions. 

An interesting benefit of partitioning power and band- 
width between the gateways and user terminals is the 55 
capability of creating asymmetrical links. An asymmetrical 
link is created when unequal bandwidths (and/or power) are 
allocated between the forward link and return link of a 
telecommunication. For example, in the situation w here, a. 
user requests nn-rfr man*' 1 Tn kernel access— lhrough_the 60 
satellite, ttiej^is-u sually be _a huge amount of information 
f^&ab ytgs) flowi ng, in th e forward link from the satellite, to 
the user terminal ^ ^Tvery little Information (kilob its^ 
bein f r sent via the return lin k. In ^e^ponse to _ such deman ds, 
the NCC can allocate a large in iQrjxiatiorjjr ansfer bandwid th 65 
for the fo rward link, and, at th e same time, allocate a narrow 
bandwidth for transmissions in the opposite direction (i.e., 



the return link). This dynamic allocation process, which is 
responsive to the on-going demands of the users, results in 
optimum usage o f the satellite's re sources 

Multi-Media Asia (M 2 A) Implementation 

One of the benefils of the present invention is the ability 
to locate user terminals 20 directly at the user's premises, 
thereby obviating the need for terrestrial cable lines or other 
traditional telecommunications infrastructure. As explained 
above, this is made possible by partitioning the satellite's 
resources such that most of the satellite's power is allocated 
t ODrn yi^ing n: s^r link^ This means that the invented tele- 
communications system can literally accommodate millions 
of users — each of which may r equest any of a broad ranfie 
of services . According to one embodiment, a single geosyn- 
chronous telecommunications satellite pr ovides use r links to 
several million user terminals and se veral hu ndred { raceway 
s tations distributed th r oughout a geographical r egion. The 
entire system is controlled by a single network control 
center. Through the NCC, the system dynamically allocates 
J^ajidwjaltlufi.e., transponders Vto beams in ji flexible ajid 
reconfigurable manne r. The location of the satellite orbit, the 
user link and access link radio frequencies, and the user link 
and access link beam coverage are, of course, tailored to the 
particular region of system coverage to optimize 
performance, cost, and regulatory issues. 

With reference to FIG. 2. a particular implementation of 
the present invention is described. The system shown in FIG. 
2 includes a single geosynchronous telecommunications 
satellite 12 placed in orbit at 118° E longitude. At this orbital 
position, sate llite \ 1 provides multi-media system i-nvpraga 
fpr a geographical reg i on wh ich extei^ jtcross^Asia and 
Australia. 

Satellite 12 provides user links into eight coverage beams 
at-Eatoid ed C-Band radio f req uencie s, jMLoXjJie_^s^rJmk^ 
ar^jwp-way^ with the up lpT^userJ:g^ connection 
being provided in the frequency rpige~oTo43 ^22S--MH z, 
and the d ownlink (satellite - tp-user) conn ection being- emo- 
vided in the Trequency ^ rang O400--370Cr j Vjjjz. A single 
beam access link is p rc^ldedat j^B and ra"dio Jreg f uencies in 
wjiichjhejno!^^ MHz and 

the "dbwnlmT^requejicjvLJimge is_725O-7750 MHz. Each 



of the seven user link spot beams is aimed over a particular 
coverage area of the larger geographical region covered by 
the Asia beam. The _Asia iaeajn provides, hntri user links and 
a ccess links at Extended_J%Tianrl and_X-Band frequencies, 
respectively. 

It should be understood that the novel use of separate user 
links and access links allows optimized design of the links 
and enables the majority of the satellite resources to be 
devoted to the user links. This architecture provides numer- 
ous advantages not found in past systems. For example, the 
present invention allows users to be directly connected to J 
each other (via user links only) and to other telecom muni- A 
cations networks, irrespective of user location or the existing 
telecommunications infrastructure. 

Selection of Extended C-Band for the user links also 
provides benefits over the prior art. Extended C-Band fre- 
quencies permit small, low-power user terminals, good link 
conditions, and a large circuit capacity per satellite based on 
state-of-the-art satellite designs (10-12 kW). Whereas the 
problem known as "rain fade" is common in satellite tele- 
communications systems utilizing Ka-Band frequencies 
(-20-30 GHz) and Ku-B and frequencies (-10-20 GHz), 
with Extended C-Band this problem is virtually non- 
existent. Compared with the traditional telecommunications 
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Standard C-Band frequencies, Extended C-Band also has 
less restrictive satellite power flux density limits, less adja- 
cent satellite interference, and a full 300 MHz of uplink and 
downlink capacity. 

The telecommunications system of the present invention 
takes full advantage of the Extended C-Band spectrum by 
devoting all of this frequency band to user links. In other 
words, access links are provided on a separate frequency 
band (i.e., X-Band) so as not to limit use of Extended 
C-Band by the small user terminals, which have a greater 
need for the advantageous operating conditions that it offers. 
Recall that according to the present invention, access links 
utilized large earth stations that do not require the valuable 
benefits that Extended . Q-B and offers. The use of access 
links therefore effectively doubles the number of circuits and 
user terminal that can be accommodated in the Extended 
C-Band spectrum. As already explained above, separate 
access links also allow independent optimization of satellite 
power resources for the user links and access links. 

With continuing reference to FIG. 2, each of the spot 
beams is shown by a solid bold line that encloses the 
corresponding coverage area. 

Table I below lists each of the beams and the correspond- 
ing geographical coverage area. 



TABLE I 



No. 


Name 


Coverage Area 


1 


INDO 


Indonesia, Malaysia, Brunei 


2 


PHIL 


Philippines and Guam 




THAt 


Thailand. Myanmar, Vietnam 


4 


1NDI 


India, Pakistan, Sri Lanka, 






Bangladesh, Bhutan, Nepal, and 






visible parts of the Middle East 


5 


CHNA 


China, Hong Kong, Taiwan, Macao 


6 


JAKO 


Japan, N. Korea, S. Korea 


7 


AUST 


Australia 


S 


ASIA 


Combined coverage of the seven 






beams above. 



A single X-Band access link beam provides identical 
coverage to the ASIA user link beam. The access links are 
designed to minimize satellite power resources by the use of 
12.0 meter X-Band gateway stations. As previously 
discussed, this enables the majority of the satellite power to 
be dedicated to powering the Extended C-Band 
transponders, thereby permitting the use of low-cost 1.2 
meter user terminals. 

The spot beam transponders are specified as having a 
gain-to-noise temperature ratio (G/T) of at least +1 dB/° K 
per transponder. Saturated effective isotropic radiative 
power (EIRP) is specified to be at least 46 dBW per 
transponder. Spatial isolation between non-adjacent spot 
beam pairs is at least 15 dB for downlinks and 18 dB for 
uplinks. 

Practitioners in the art will appreciate that spot beam 
transponders only need to be allocated to the same uplink 
and downlink beam. Routing from one spot beam. uplink to 
another spot beam downlink is not required. This is because 
according to the architecture of the present invention, each 
satellite has a large beam which encompasses the coverage 
of all the spot beams. In the M 2 Asystem implementation, for 
instance, this large beam is the ASIA beam. The large ASIA 
beam provides universal connectivity of any earth station to 
any other earth station. This feature has utility for intersta- 
tion signaling and messaging between individual gateways 
and between gateways and the NCC. It also enables direct 
connection between user terminals located in different spot 
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beams, i. e., spot-to-spot routing. That is, there is no need for 
interbeam connectivity between spot beams in the telecom- 
munications system of the present invention. Direct connec- 
tions of this type could only be accomplished in past systems 

5 by means of a double satellite bop (involving long, annoying 
delays) or complex on-board satellite technology, as is 
typically required in handheld mobile satellite systems such 
as ACeS™, and in higher frequency Ku-Band and Ka-Band 
systems (such as Spaceway™). 

10 Satellite frequency planning coverage is arranged to 
enable a four-fold frequency reuse of the 3400-3640 MHz 
(downlink) and 6425-6665 MHz (uplink) Extended C-Band 
frequencies by beams nos. 1-7. This is achieved through the 
use of both polarization and spatial signal isolation. This 

15 allows for a total of 24 spot beam transponders each with 36 
MHz of useful bandwidth. 

The remaining 6665-6725 MHz and 3640-3700 MHz 
portions of the Extended C-Band frequency bands are allo- 
cated to beam no. 8 and are reused twice through polariza- 

20 tion isolation. This provides for 4 ASIA beam transponders 
each with 27 MHz of useful bandwidth within the frequency 
range 3640-3700 MHz (downlink) and 6665-6725 MHz 
(uplink). The four ASIA beam transponders have a saturated 
EJRP of at least 43 dBW per transponder. The G/T of each 

25 transponder is at least -5 dB/° K. 

FIG. 3 illustrates the allocation .matrix for the transpon- 
ders according to the M 2 A system implementation of the 
present invention. The twenty-four spot beam transponders 
are split into two groups of twelve transponders and four 

30 spot beams. Note that for each group, individual spot beams 
may be flexibly allocated between zero and six transponders, 
up to a maximum of 12 transponders for the group. It is 
appreciated by having multiple coverage beams, the system 
of the present invention can reuse the frequency resources 

35 between the beams. This is because the beams are arranged 
in a pattern wherein each beam is effectively isolated 
between different coverage areas. Spatial beam-to-beam 
isolation of at least 15 dB for downlink and 18 dB for uplink 
between each of the pairs of beams marked by an "X" in 

40 Table II below is sufficient to provide effective isolation. 



TABLE II 



45 



50 





INDO 


THAI 


PHIL 


INDI 


CHNA 


JAKO 


AUST 


INDO 








X 


X 


X 




THAI 












X 


X 


PHIL 








X 




X 




INDI 


X 




X 








X 


CHNA 


X 












X 


JAKO 


X 


X 


X 


X 






X 


AUST 




X 


X 


X 


X 


X 





An additional two-fold increase is achieved from polar- 
ization reuse (vertical and horizontal). Thus, in 240 MHz of 

55 frequency spectrum, the present invention accommodates 
essentially 960 MHz (24 transponders with useful band- 
width of 36 MHz) of capacity through frequency and 
polarization reuse. Combined with two -fold frequency reuse 
and two- fold polarization reuse, the use of separate fre- 

60 quency bands for the user links and access links already 
described gives an effective reuse factor of eight for the 
Extended C-Band spectrum. This means that the 300 MHz 
Extended C-Band uplink and downlink spectrum can handle 
a system with a number of circuits that can accommodate 

65 2400 MHz of raw spectrum! 

As indicated in FIG. 3, the uplink and downlink signals 
are channelized into sixteen channels (eight per 
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polarization). Channels 1V-6V and 1H-6H accommodate user terminal. In this way, the NCC and any gateway that 

the twenty-four spot beam transponders and each have an receives the signal immediately recognizes the user, and 

operational bandwidth of 36 MHz. Channels 7 V, 8 V, 7H and determines which gateway is the user's home gateway. 

8H accommodate the four ASIA beam transponders, and Random access channels are utilized by the user terminals 

each have an operational bandwidth of 27 MHz. The fre- 5 to initiate calls. The initial signaling from the user terminal 

quency plan of the M 2 A system for the Extended C-Band on the random access channel includes pertinent information 

uplinks and downlinks is shown in FIGS. 10A and 10B, about the user and the request being made. At all times, NCC 

respectively. Similarly, the frequency plan for the X-Band 50 transmits common channel signaling which can be 

uplinks and downlinks is shown in FIGS. 11A and 11B, received by all user terminals. For a user-initiated call, the 

respectively. io user ' s terminal monitors the common channel signaling 

n .... . t ... . t t . , „ „ t , . received from NCC 50, and transmits a call request on the 

Pracu loners in the art will appreciate hat all Extended random access channel b (he ^ n chlnne| 

C-Band transponders may be independently cross-strapped signaling. A. this point, NCC 50 extracts user information 

w.th X-Band ransponders in one of three modes: (1) from the random access channel inc]udi lbe user , s home 

c"i ^ ? J° fended C-Band downlink and gateway and the call destination. This step is represented in 

Extended C-Band uplink to X-Band downlink; (2) Both 1 5 p IG 4^ by block 2 02 

X-Band and Extended C-Band uplinks to Extended C-Band r ' m ,,„•„„,, ' ■ c ,• „ r /-o a . 

jm,r,t;„\,„ c,. a«a <-> d a 11 . 1 .1 v d a From tne derived user information, the NCC determines 

downlinks, and Extended C-Band uplinks to both X-Band „,u..i,.. .i,„ ,11,1. ul . j .u u .■ » ■. 

and Extended C-Band downlinks; and (3) Extended C-Band *! cal \f houl ( d K be r ° uted ,hrou 6 h th f, u f r s h ° me 

uplink to Extended C-Band downlink (no cross-strapping; gat ^ ay ' hr0Ugh ™ 0liKr u f j£?' y n '° aDOther 

v D , ,v v on user ( Le -> ior user-user calls). Note that NCC 50 has access 

X-Band unused). 20 ^ y . 

' to subscriber database 35 associated with gateways 30 via 

Referring to FIGS. lOAand 10B, within each group, each acceS s links 45. In this way, NCC 50 is able to ascertain 

beam may have anywhere between zero and six transpon- whether the call is directed to another user within the 

ders allocated according to the demands of the users within geographical region covered by satellite 12 (i.e., a subscriber 

the geographical region. That is, each transponder is capable 0 f the system) or to someone outside the region. This 

of being allocated to an uplink beam and a downlink beam determination is represented by block 203. 

in a ^configurable manner by ground command. The system NCC 50 is also aMe t0 deterniine the timum route for 

thereby provides great transponder-to-beam allocation flex- the call> c in terms of minimized call ch circuit 

ibihty. However as demand changes, the satellite's availability, designation connections, etc. For example, if the 

resources may be dynamically changed so that the collective cal , 1S t0 be routed vja the hom£ w lhen NCC 5() m 

satellite resources may be allocated according to where the signal the home ( 30fl) k) assum£ contro[ Qver 

greatest user demand lies. For instance, ir demand increased the call Bandwidth and power are allocated by NCC 50 for 

m China or Japan, the number of transponders and power estab iishing user link 25a and access link 45*, thereby 

allocated to service these regions may increase at the enabling communications between the gateway and the user, 

expense of other coverage areas currently experiencing In the event that lhe caU is tQ be rQuted th h a 

relatively lower demands. other than the ^ home gatewayj NCC 5Q ^ signal (o 

Note that the dynamic allocation scheme of the present the user's home gateway to forward the appropriate user 

invention may rely upon a standard transponder hardware information to the correct gateway. Basically, the user 

that typically includes channel and high-power amplifiers. In becomes a visitor at that gateway. Thereafter, the NCC may 

other words, the M 2 A system implementation thus described 4Q signal the visited gateway to take over control of the call. As 

can be constructed using ordinary "off-the-shelf hardware. before, NCC 50 allocates an access link and user link 

(Each transponder has its own corresponding set of between the visited gateway and the user. These steps are 

hardware.) This allows allocation of a piece of transponder represented in FIG. 4A by blocks 206 and 207. 

hardware to a particular section of spectrum—with both For direct user-to-user calls, the voice/data information is 

being allocated to a particular beam. A$ routed directly between the tWQ user tcrminals through user 

Exemplary Operations links on \ For e ? am ? le ' ref ^ rence * FI £ X > a , f'" 

to-user call may be placed through user links 25* and 25b, 

To better understand the advantages and features of the thereby allowing a conversation to take place between 

present invention, several examples of the operation of an individuals present at terminals 20a and 20b. Even in this 

embodiment of the present invention will be described with 50 situation, however, it should be understood that the initiating 

reference lo FIGS. 4A and 4B. user's home gateway may assume control of the call in order 

Consider an application of the present invention in which to extract and insert certain signaling information (e.g., fori 

basic voice telecommunications are provided for a user in a billing purposes). Therefore, an access link is also allocated! 

geographical region. Assume that a user wishes to place a °y NCC 5 ^ for user-to-user calls to enable the gateway to) 

call either to another user, or to someone located outside the 55 extract certain information from the call, and also so that the 

geographical region covered by the satellite system. This gateway can insert whatever signaling information it need* 

exemplary operation is illustrated by the flowchart of FIG. t0 msert into the call. These steps are illustrated in FIG. 4A 

4A. Block 201 of FIG. 4A shows the process beginning by blocks 204 and 205. 1 

when the user lifts the telephone receiver to initiate a call at Once the various access links and user links have been 

the user's home or office terminal. Dial ing of the jelep hnnfl 60 established, the conversation may commence. After the 

number causes a signal to be transmitte d from user termina l conversation has ended and both parties hang up, NCC 50 

20<noJJCC50via satellite 12 (see FIG. l)."In this particular deallocates the frequencies and power used to service the 

emoodimerlt, ea&h user terminal has a unique identification call. This enables those satellite resources to be used for 

number and is also uniquely assigned to one particular servicing new requests. This step is represented by block 

gateway in the geographical region. This gateway is known 65 2 08 in FIG. 4A. 

as the user's "home" gateway. The user's identification It should by understood that if a user initiates a call to 

number is included in the initial signal transmission from the someone who is located outside of the geographical cover- 
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age region, an appropriate gateway station provides the coverage over a geographical region 110 of the Earth. The 

proper connection to the person receiving the call. By way additional satellites provide more service-handling capacity 

of example, in the case where a user having a terminal over the same coverage region, thereby increasing the total 

located in Indonesia places a call to someone in the United number of users within the system. The same basic archi- 

States, the call may be routed through a gateway station 5 tecture described previously can be applied to the system of 

having a direct connection to a PSTN in the United States. FIG. 5. The satellite control facility (SCF), however, should 

For instance, the call may be routed to a gateway located in be designed with broadband equipment for simultaneous 

Guam, which can provide a direct connection to the appro- control of the separately located satellites. In addition, 

priate PSTN in the United States via a trans-Pacific under- separation between the satellites (e.g. somewhere in the 

water cable line. 10 range of 2 to 6 degrees) should be maintained to avoid signal 

An example of an external call destined to a user is interference, 

illustrated in the flowchart of FIG. 4B. In this situation, the In a system employing a constellation of satellites there 

process begins at block 401 wherein an outside (non- are many ways to take advantage of the increased capacity, 

subscriber) caller initiates a telephone call to a user located For example, groups of users may be assigned to a particular 

in the geographical coverage region of satellite 12. Based on 55 satellite in a manner that divides the total number of users 

the dialed digits, the external call request will arrive at the among the individual satellites. Alternatively, the gateways, 

user's home gateway, perhaps via a direct connection user terminals, and NCC/SCF stations may include standard 

through an existing terrestrial network. This is shown in mechanical assemblies to change the focus direction of the 

FIG. 4b by block 402. Information about the call designation satellite antenna dish. In such a system, the individual 

is sent to the NCC 50, which responds by contacting the 20 stations or terminals could be steered to any one of the 

destination user on a paging channel A user link and access plurality of satellites which comprise the constellation, 

link between the user and the gateway is than allocated for Yet another alternative is shown in FIG. 7, wherein a 

the call. These steps are represented in FIG. 4/? by blocks stal j on or terminal 130 includes separate fecdhorns 131a and 

403 and 404. 1316. Feedhorn 131a directs communications to satellite 

Preferably, the allocated gateway should be the user's 25 12a via two-way communications link 65a, while feedhorn 
home gateway. But this may not provide the most optimum 1316 directs two-way communications to satellite 126 via a 
routing, depending upon the location of the external caller. link 656. This arrangement allows communications from a 
It should be understood that the invented system enables single station or terminal to multiple satellites simply be . 
allocation of an externally-initiated call to any one of a switching between feedhorns. Of course, other 
number of gateways for optimum routing to reduce call 30 embodiments, such as more elaborate phased-array 
charges. However, since most existing terrestrial systems schemes, may be employed in a system employing a con- 
lack the capability to reroute a call to the optimally-located stellation of satellites. 

gateway, the default situation is to designate the user's home FIG. 6 illustrates a satellite constellation 120 providing 

gateway for all externally initiated calls. As terrestrial net- extended coverage over multiple geographical regions of the 

works improve, more optimized routing for externally- 3 Earth. Each of the satellites 120 is in a geosynchronous orbit 

initiated calls may be supported by the system of the present \2\ over the Earth. The satellites in group 120a, however, 

invention. In other words, the basic architecture of the are located over, and provide service to. geographical region 

present invention has the flexibility to optimally route user 111. Group 1206 provides similar services over geographical 

calls, whether the destination is internal or external. Extend- reg i on 112. [ n the embodiment of FIG. 6, gateway stations 

ing this feature to eternally-initiated calls is considered anc |/ 0 r user terminals located in region 113 (represented by 

within the scope of the present invention. tne intersecting area of regions 111 and 112) may commu- 

From the foregoing discussion, it is appreciated that the nicate with satellites in both groups 12i)a and 1206. Hence, 

system allocates both satellite power and frequencies to a great variety of telecommunications services may be 

establish access links and user links. Depending upon the 45 provided to users extending over multiple geographical 

exact resource management architecture of a particular regions of the Earth, 
implementation, this allocation may be performed by the 

NCC, or the NCC and the host gateway handling the service A System Integrated with Mobile Cellular Satellite 

request. Frequencies are allocated by monitoring current Service 

usage of available frequencies, and then selecting appropri- 5Q Given that sate llite -based mobile telephone systems are 

ate available frequencies. Likewise, power is allocated by now in existence (or shortly will be) the present invention 

monitoring the current usage of available satellite power and permits j ntegration 0 f the fixed satellite system described 

then selecting an appropriate allocation oi the available above with mobile cellular telephone services. For example, 

power to service a particular request. These allocations are a subsC riber to the M 2 A system may have a user terminal 

accomplished by signaling to the gateway, satellite, and user 5S that provides m ulti-media services at the user's premise s, 

terminal the respective transmit and receive frequencies, as 'b uUhat user n^ also' rely upTuTTmbblTe c ell ular telepho ne 

well as the power output levels. satellite-based system when traveling (i.e., roaming) away 

u 0 , M . e . from the home, office, or shop. In this scenario, a single 

Multi-Satellite Systems , , , .' , * . i , ' , J 

telephone number — pe rhaps more appropriately, denoted a 

The embodiments discussed thus far can be implemented 6u " user identification number" — may be used to access both 

utilizing a single satellite launched into geosynchronous the fixed and mobile systems . This goal is realized by the 

orbit, with the gateways and user terminals being located integrated satellite -based system of FIG. 12 which includes 

anywhere within the satellite coverage footprint. The present the integrated gateway and NCC stations shown in FIGS. H 

invention, however, may utilize multiple satellites to and 9, respectively. 

increase system capacity. 65 FIG. 12 shows satellites 12 and 13 in geosynchronous 

FIG. 5 illustrates a satellite constellation 100 comprising orbit providing fixed and mobile satellite services, 

three satellites, each in geosynchronous orbit 101, providing respectively, in an integrated telecommunications system. 
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Satellite 12 is utilized to provide the fixed services described 
in connection with the system of FIG. 1. Satellite 13, on the 
other hand, is a mobile service satellite. FIG. 12 also shows 
a X-Band link 45a and an Extended C-Band link 46a being 
provided by satellites 12 and 13, respectively, to an inte- 
grated gateway 300 via respective antennas 307 and 317. 
The structure of gateway 300 (shown in detail in FIG. 8) 
includes connections to various land-based networks repre- 
sented by block 36, IAP 37, and database 35. Similarly, 
X-Band link 45b and Extended C-Band link 46b are pro- 
vided by satellites 12 and 13, respectively, to an integrated 
NCC 500 (and SCF 520) via respective antennas 513 and 
523. Details of NCC 500 are discussed below in connection 
with FIG. 9. 

As explained previously, a user terminal 20 may receive 
a variety of telecommunications services via Extended 
C-Band link 25 provided by satellite 12. By way of example, 
user equipment for these services is represented in FIG. 12 
by block 24; it includes telephone, interactive television, 
computer, and data/communications. In addition, the inte- 
grated system of FIG. 12 permits mobile cellular telephone 
service using the same subscriber identification number 
associated with user terminal 20. Dashed line 23 denotes the 
common subscriber identification number shared by user 
terminal 20 and mobile satellite phone 210. Telecommuni- 
cations link 21 between mobile service satellite 13 and 
phone 210 may comprise a L-Band frequency link, or any 
other similarly suitable frequency band link. 

With reference to FIG. 8, details of the integrated gateway 
300 shown in FIG. 12 are illustrated. Integrated gateway 300 
combines satellite-based fixed and mobile services such that 
telephone numbers, subscriber information, routing plans, 
etc., are integrated in a seamless fashion. In such an inte- 
grated system, a call can be placed to a user through a single, 
dialed number and a connection made to either the user 
terminal or mobile telephone, obviating the need for the 
caller to know where the callee is physically located. 
^ The gateway architecture of FIG. 8 includes a mobile 
' switching center (MSC) 301 which comprises an ordinary 
part of a mobile cellular system. MSC 301 interfaces with 
PSTN 36 and also with a gateway station controller (GSC) 
304, GSC 304 controls the allocation of the traffic circuits 
assigned to different calls. In addition, GSC 304 controls the 
interface with MSC 301. As shown in FIG. 8, MSC 301 has 
access to subscriber database 35 which stores fixed and 
mobile subscriber data. 

Coupled to, or included within, database 35 are home and 
visitor location registers 303 and 302, respectively. Home 
register 303 stores home subscriber information; that is, 
information pertaining to users to which the particular 
gateway acts as a home gateway. The visitor register 302 
contains information pertaining to those users who are 
visiting the gateway due to the particular routing of the call. 

As explained above, GSC 304 interfaces with MSC 301 
to route calls to the appropriate hardware, i.e., fixed or 
mobile satellites. For example, GSC 304 is shown coupled 
to traffic channel equipment (TCE) 304, which, in turn, is 
coupled to radio frequency/intermediate frequency (RF/IF) 
driver block 306 that provides the power and drive capabil- 
ity to antenna dish 307. Similarly, GSC 304 is also coupled 
to TCE 315 and RF/IF block 316 for driving antenna dish 
317. In the embodiment of FIG. 8, antenna dish 307 utilizes 
X-Band frequencies for telecommunications via the fixed 
system. On the other h and, antenna dish 317 provides 
signaling in the Extended C-Band frequency range, which, 
for this particular implementation, is utilized for telecom- 
munications via the mobile service satellite. 
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FIG. 9 is a block diagram illustrating the architecture of 
integrated NCC station 500 for a system that integrates both 
fixed and mobile satellite services. Integrated NCC 500 
comprises a computer 510 that controls operation of the 
5 NCC. Computer 510, for example, controls signaling chan- 
nel equipment (SCE) 511 and RF/IF 512 to drive antenna 
dish 513 when communicating with the fixed satellite 12 via 
X-Band frequencies. Similarly, computer 510 utilizes SCE 
521 and RF/IF 522 to drive antenna dish 523 when com- 
municating with the mobile satellite 13 via Extended 
C-Band frequencies. In this way, the NCC may establish the 
appropriate signaling channels for either the mobile or fixed 
services when setting up or tearing down a telephone call to 
or from a user terminal. 

An integrated SCF 520 is also shown coupled to antennas 
15 \. 513 and 523. Integrated SCF 520 provides standard control 
'signals to both satellites 12 and 13 in the same manner as 
described in connection with the system of FIG. 1. 

Another major advantage of integrating a fixed telecom- 
munications system with a mobile system (e.g., ACeS™) is 
20 that many of the elements developed for the mobile archi- 
tecture can be reused or applied to the fixed system. For 
instance, existing cellular terrestrial systems employ net- 
work elements that include air interface techniques, switch- 
ing centers, and voice coding techniques. In an integrated 
25 system comprising the fixed satellite system architecture 
described above, these we 11- developed mobile satellite sys- 
tem technologies can be advantageously applied in a novel 
way to provide significant cost savings. Other advantages of 
the integration of mobile and fixed systems include the 
ability to integrate services between the two networks; the 
ability to have a single telephone number for the two 
networks; and the ability to have a single billing system with 
a single, unified bill for the two networks. 
35 Thus, the integrated satellite-based telecommunications 
system of the present invention — which includes the struc- 
tures of FIGS. 8 & 9 and the satellite architecture of FIG. 
12 — represents the world's first fixed cellular satellite tele- 
communications system. 

We claim: 

40 

1. An integrated telecommunications system comprising: 
at least one satellite in geosynchronous orbit over a 
geographical region; 
. a plurality of user terminals distributed at fixed locations 
45 in the geographical region, two-way user links being 
provided to the user terminals by the at least one 
satellite; 

a satellite cellular telephone network that includes a 
satellite cellular telephone having a number that is also 
50 associated with a user terminal; 

a plurality of gateway stations distributed in the geo- 
graphical region, two-way access links being provided 
to the gateway stations by the at least one satellite, at 
least one of the gateway stations including 
55 at least one antenna; 

a mobile switching center (MSC) coupled to a terres- 
trial network; 

a gateway station controller (GSC) coupled to the MSC 
and to the at least one antenna, the GSC providing 
60 control signals which drive the at least one antenna 

to route a call to the number through the at least one 
satellite to either the user terminal or the satellite 
cellular telephone; and 
a network control center (NCC) that controls the at least 
65 one satellite, bandwidth and power of the at least one 
satellite being allocated by the NCC to provide the user 
links and the access links. 
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2. The integrated telecommunications system of claim 1 
wherein the NCC controls the at least one satellite via an 
access link. 

3. The integrated telecommunications system of claim 1 
wherein the at least one antenna comprises first and second 
antenna dishes each having a diameter of 10 meters or larger, 
the first antenna operating at X-Band frequencies and the 
second antenna operating at Extended C-Band frequencies. 

4. The integrated telecommunications system of claim 1 
wherein each of the user terminals includes a small antenna 
dish that is in the range of approximately 1.0-2.0 meters in 
diameter. 

5. The integrated telecommunications system of claim 1 
wherein the user links are provided at Extended C-Band 
frequencies. 

6. The integrated telecommunications system of claim 1 
wherein the NCC controls the at least one satellite such that 
a majority of the power is allocated to the user links and a 
minority of the power is allocated to the access links. 

7. The integrated telecommunications system of claim 1 
wherein the access links are provided at X-Band frequen- 
cies. 

8. The integrated telecommunications system of claim 1 
further comprising a subscriber database coupled to the 
MSC of the at least one gateway station, the MSC having 
access to fixed and mobile subscriber data. 

9. The integrated telecommunications system of claim 8 
wherein the subscriber database includes home and visitor 
location registers. 

10. A satellite-based telecommunications system compris- 
ing: 

first and second satellites in geosynchronous orbit over a 

geographical region; 
a plurality of user terminals distributed at fixed locations 

in the geographical region, two-way user links being 

provided to the user terminals by the first satellite at an 

Extended C-Band frequency band; 
a mobile telephone having a number that also identifies a 

user terminal; 

a gateway station located in the geographical region, 
two-way access links being provided to the gateway 
stations by the first and second satellites, the gateway 
stations including 
first and second antennas; 
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a mobile switching center (MSC) coupled to a terres- 
trial network; 

a gateway station controller (GSC) coupled to the MSC 
and to the antennas, the GSC providing control 
5 signals which drive the antenna to route a call to the 

number either to the user terminal via the first 
satellite or to the mobile telephone via the second 
satellite; and 

a network control center (NCC) that controls the first and 
10 second satellites. 

11. The satellite-based telecommunications system of 
claim 10 wherein the first satellite provides a first access link 
at a X-Band frequency band to the gateway station via the 
first antenna, and the second satellite provides a second 

15 access link at the Extended C-Band frequency band to the 
gateway station via the second antenna. 

12. The satellite-based telecommunications system of 
claim 10 wherein the NCC comprises third and fourth 
antennas, the first and second satellites providing third and 

20 fourth access links at the X-Band and Extended C-Band 
frequency bands to the NCC via the third and fourth 
antennas, respectively. 

13. The satellite-based telecommunications system of 
claim 10 wherein each of the user terminal includes a small 

25 antenna dish that is in the range of approximately 1.0-2.0 
meters in diameter. 

14. The satellite-based telecommunications system of 
claim 10 wherein the second satellite provides an L-Band 
frequency link for telecommunications via the mobile tele- 

30 phone. 

15. The satellite-based telecommunications system of 
claim 10 wherein bandwidth and power of at least the first 
satellite is allocated by the NCC to provide the user links and 
the access links such that a majority of the power of the first 

35 satellite is allocated to the user links and a minority of the 
power is allocated to the access links. 

16. The satellite-based telecommunications system of 
claim 10 further comprising a subscriber database coupled to 
the MSC of the gateway station, the MSC having access to 

40 fixed and mobile subscriber data. 

17. The satellite-based telecommunications system of 
claim 16 wherein the subscriber database includes home and 
visitor location registers. 
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